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How many times is
SUSY broken?
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The SUSY Canon

“There is only one SUSY and it is broken exactly once.”

SSMSUSY
Messengers
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How many times is
SU(2)L x U(1)Y broken?
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(At Least) Twice!

〈h〉

Higgs
Sector

v = 246 GeV

Longitudinal W/Z

QCD

〈qqc〉
fπ = 130 MeV

Pions!

mπ0 = 135 MeV mZ = 91 GeV

Fermions

Yukawa
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Multiple Supersymmetry Breaking
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Motivation and Framework 

Goldstini

(Giving the Higgs a Boost)

A Curious Factor of Two

Modified Mass/Coupling Relation
8

Goldstini!

2!2!
Gravitino

mass
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The Smoking Gun at the LHC
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FIG. 1: Left: a schematic figure of the CMS detector and two stoppers. The numbers are in units

of meters, and (0, 0, 0) is the collision point. Right: two stopper–detectors and a circle about the

size of CMS detector are superimposed on the cross section of CMS cavern UXC 55, drawing taken

from Ref. [9].

where θ is angle between the CNLSP direction and the beam direction. The number comes

from the average density of CMS detector, 3.37g/cm3, which leads to the weight per cm2

for the radial direction of 2500g/cm2.

As discussed in the previous paper [2], the stopper can be a hadronic and electromagnetic

calorimeter simultaneously, if the detector consists of layers of dense stopper and tracking

devices. The measurement of the energy of the decay product of the CNLSP is the key

ingredient to explore the CNLSP interactions to the X particle. In this paper we assume

that the CNLSP is the scalar tau lepton τ̃ , which decays mostly as τ̃ → τX where X = G̃

or ã.

The τ decays into lν̄lντ , or into π± and π0’s. We do not consider the decays into µ,

because the muon energy cannot be measured unless the stopper contains a magnetic field.

The energy of the leptons are much softer than the parent τ energy anyway, so that they

are less useful for the study of the decay kinematics.

A large volume detector is advantageous to measure the energy of the τ decay products,

because the detector must contain most of the energy of the showers from the τ decay prod-

ucts. To fully absorb the hadronic cascade one needs sufficient thickness of the calorimeter.
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JDT, Zachary Thomas, 1103.1631

Cheung, D’Eramo, JDT, 1104.2598
[See Francesco’s Talk at 3:50pm]
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Goldstini!

2!2!
Gravitino

mass

A Curious Factor of Two
Cheung, Nomura, JDT, 1002.1967

Cheung, D’Eramo, JDT, 1104.2598 & 1104.2600
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Two Options for SUSY

LOSP






Superpartners

Gravitino  (Eats the Goldstino)

“Gravity Mediation-like”

Stable!

Gravitino (Eats the Goldstino)

LOSP

“Gauge Mediation-like”






Superpartners

Decays! (Lightest Ordinary
SUSY Particle)

m3/2 �
F√

3MPl
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A New Possibility

(Lightest Ordinary
SUSY Particle)

Gravitino (Eats the Goldstino)

LOSP

“Goldstini!”

Decays!

Goldstini! (Uneaten Pseudo-Goldstinos)

Multiple Gravitino-like 
states arising if SUSY is 

broken “more than once”

mζ = 2m3/2

Prediction:






Superpartners

+ ...
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Multiple SUSY Breaking

N Sectors:
Break SUSY Independently

(Quasi-)Sequestered
SUSY persists for MPl →∞

No Light Sgoldstino
Fine-Tune CC to Zero

SUSY SUSY SUSY SUSY

SUSY SUSY SUSY ...
mij = eG/2(∇iGj + GiGj)

Recall : G ≡ K + log W + log W ∗

SUGRA Fermion Masses

Tree-Level Spectrum
(By Explicit Calculation)

W = W1 + W2 + · · ·
−3e−K/3 = Ω1 + Ω2 + · · ·

1 Eaten Goldstino

m3/2 = eG/2

mζ = 2m3/2

N–1 Uneaten Goldstini

(! but ?)
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Focus on One Sector

Non-linear Parametrization of Goldstino

Conformal Compensator

SUSY

graviton/gravitino terms

Φ = eZ/3(1 + θ2FΦ)
Z = !K/2 " iArgW#+ !Ki#X

i

[See Francesco’s Talk]

⇒ Φ = 1 + θ2m3/2

With Our Assumptions

Xi = θ̃2F i

sector A goldstino SUSY breaking in sector Afield in sector A

LA =
�

d4θ Φ†ΦΩA(Xi, Xj†) +
�

d2θ Φ3 W A(X i) + · · ·

θ̃ = θ +
ηA

√
2FA

FA =
�

gijF iF j
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Focus on One Sector

Use shifted theta coordinate and expand!

SUSY

graviton/gravitino terms

LA =
�

d4θ Φ†ΦΩA(Xi, Xj†) +
�

d2θ Φ3 W A(X i) + · · ·

Φ = 1 +
�

θ̃ − ηA

√
2F A

�2

m3/ 2

Every sector has a goldstino with mass 2m3/2!
(diagonalize to find true goldstino, eaten by gravitino to lose mass)

0 1 –3+ + =    –2

L1 ⊃
1
2

m3/2

�
m3/2ΩA|θ̄2

(F A)2
+

ΩA|θ4

(F A)2
+

3W A|θ2

(F A)2

�
! A! A

(by assumption)
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[Cheung, D’Eramo, JDT]

[Craig, March-Russell, McCullough]

Multiple Gauge Mediation?

Goldstini Variations
Arbitrary F- and D-terms?

Conformal Sequestering?

Non-sequestered SSM Loops?

No-Scale SUSY Breaking?
mζ = 2m3/2 mζ = 0

Above with n = 2
[Argurio, Komargodski, Mariotti]

[See Francesco’s Talk]

Light Sgoldstino?

[Cheung, D’Eramo, JDT]
[Craig, March-Russell, McCullough]

10! 4 0.01 1 100 104
0.0
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"
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2

≈mX/m3/2

mζ = (2− ! )F̃Φ

m! =
�

1
16" 2

�n
msoft

[Cheung, Nomura, JDT]
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mζ = 2m3/2

G̃
2!

ζ1 ζ2 ζ3 ζ4

m3/2

mζ · · ·

Gravitino

Goldstini

Heuristic for Factor of 2

(Analogous to μ/Bμ problem in AMSB:  Bμ = μFΦ)

Pure SUGRA:

SUGRA ⇒ Gravity ⇒ Mass ⇒ Conformal Compensator

SUSY ⇒ F/D term ⇒ Mass Dimension 2

Goldstini Mass = 2FΦ

+
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Modified Mass/Coupling Relation
Cheung, Nomura, JDT, 1002.1967

Coupling

Mass

!!
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Minimal Goldstini Scenario

Uneaten Goldstino

Gravitino

M
es

se
ng

er
s

SUSY
SUSY

SSM

LOSP

F1 F2
Completely 
Sequestered

!̃

!

G̃ or ζ

Supercurrent New Coupling!

Lint �
�

m̃2

Feff
G̃ +

m̃2

F2
ζ

�
��̃†

1
F2
� 1

m3/2MPl

Goldstino Mass:

Goldstino Coupling:

2m3/2 �
2Feff

MPl
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Mass/Coupling Relation

Coupling

Mass

20

LOSP
Mass

≈ GeV

Gravitino Mass/
Coupling Relation

!!

“Low Scale” 
Breaking with 

LOSP DM

Indistinguishable 
from Gravitino?

SUGRA Relations
Broken!

Gravitino Prediction:

M2
Pl �

m5
�̃

48πΓ�̃! �G̃m2
3/2

[Buchmüller, Hamaguchi, Ratz, Yanagida]

Broken if LOSP decays
to Goldstino instead!

!̃

!

G̃ or ζ
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The Smoking Gun at the LHC
Cheung, Mardon, Nomura, JDT, 1004.4637
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FIG. 1: Left: a schematic figure of the CMS detector and two stoppers. The numbers are in units

of meters, and (0, 0, 0) is the collision point. Right: two stopper–detectors and a circle about the

size of CMS detector are superimposed on the cross section of CMS cavern UXC 55, drawing taken

from Ref. [9].

where θ is angle between the CNLSP direction and the beam direction. The number comes

from the average density of CMS detector, 3.37g/cm3, which leads to the weight per cm2

for the radial direction of 2500g/cm2.

As discussed in the previous paper [2], the stopper can be a hadronic and electromagnetic

calorimeter simultaneously, if the detector consists of layers of dense stopper and tracking

devices. The measurement of the energy of the decay product of the CNLSP is the key

ingredient to explore the CNLSP interactions to the X particle. In this paper we assume

that the CNLSP is the scalar tau lepton τ̃ , which decays mostly as τ̃ → τX where X = G̃

or ã.

The τ decays into lν̄lντ , or into π± and π0’s. We do not consider the decays into µ,

because the muon energy cannot be measured unless the stopper contains a magnetic field.

The energy of the leptons are much softer than the parent τ energy anyway, so that they

are less useful for the study of the decay kinematics.

A large volume detector is advantageous to measure the energy of the τ decay products,

because the detector must contain most of the energy of the showers from the τ decay prod-

ucts. To fully absorb the hadronic cascade one needs sufficient thickness of the calorimeter.
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G̃

100 GeV �̃

→ �

10 GeV

LOSP decay destroys 
light elements, LOSP 
catalyzes BBN processes

Figure 12: BBN constraints for the stau-NLSP scenario with the thermal abundance given
in Eq. (4.12).

of magnitude smaller than that in the Bino NLSP case, and hence the hadro-dissociation
processes are suppressed.

We also treat the primordial abundance as a free parameter and derive upper bound on
Yτ̃ . The results for mτ̃ = 100 GeV and 300 GeV are shown in Figs. 13 and 14, respectively.#7

The 4He-constraint for smaller gravitino mass comes from the p ↔ n conversion induced by
the charged pions which are mainly produced by the decay of tau lepton [14]. On the other
hand, the D-constraint comes from the destruction due to energetic baryons produced by
the four-body decay. Thus, for the stau case a simple scaling of the constraints on Bino by
using the hadronic branching ratio does not work.

As we mentioned, in the present study, we have solved the full Boltzmann equation to
calculate the number density of the (4Heτ̃−) and (Hτ̃−) bound states. Then, as discussed
in [59, 43], the number density of (4Heτ̃−) is reduced compared to the result with Saha
equation, resulting in weaker constraint than the previous study. However, the upper bound
on Yτ̃ from the overproduction of 6Li is increased by the factor 3 or so. Thus, we conclude
that the previous study with Saha equation provided a reasonable estimation of the upper
bound on Yτ̃ . Notice that, concerning the constraints on the m3/2 vs. mτ̃ plane, the change

#7The bound states with singly-charged nuclei such as (Hτ̃−), (Dτ̃−) or (Tτ̃−) may shield coulomb field
of the nuclei completely and significantly enhance the further reaction rates for these nuclei. These non-
standard processes might totally have reduced the 6Li, 7Li and 7Be abundances [39, 42, 43]. However, the
Bohr radius of those bound states are larger than the typical size of the nuclei (or the square-root of the
cross sections). Then the multi-body problem might be important for reactions and could not have been
understood well. Therefore, we did not include those effects in the current study.
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[Kawasaki, Kohri, Moroi, Yotsuyanagi]

m3/2 < 1–10 GeV to not mess up BBN

m3/2 > 1–10 GeV to measure gravitino mass at LHC

22

Gravitino at LHC vs. BBN?
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Goldstini Rescue BBN/LHC!

G̃

100 GeV �̃

10 GeV

LOSP decays faster
to Goldstino!

ζ20 GeV

→ �

Gravitino can be 1-100 GeV, 
and mass measured at LHC!

10�810�710�610�5

10�4
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1 10
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10
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104

m3�2 �GeV�

Τ
�sec�

10�710�610�510�410�310�210�1100

108 109 1010
108

109

1010

F1 �GeV�

F 2
�GeV

�

������G� � � ������Ζ� for m�
� � 100 GeV

[Cheung, Mardon, Nomura, JDT]
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Safe from BBN

Measure 
Mass

at LHC

Avoid 
Cosmological 
Goldstino 
Problem

(≈102 second lifetime)

Safe
Gravitino
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The Smoking Gun
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FIG. 1: Left: a schematic figure of the CMS detector and two stoppers. The numbers are in units

of meters, and (0, 0, 0) is the collision point. Right: two stopper–detectors and a circle about the

size of CMS detector are superimposed on the cross section of CMS cavern UXC 55, drawing taken

from Ref. [9].

where θ is angle between the CNLSP direction and the beam direction. The number comes

from the average density of CMS detector, 3.37g/cm3, which leads to the weight per cm2

for the radial direction of 2500g/cm2.

As discussed in the previous paper [2], the stopper can be a hadronic and electromagnetic

calorimeter simultaneously, if the detector consists of layers of dense stopper and tracking

devices. The measurement of the energy of the decay product of the CNLSP is the key

ingredient to explore the CNLSP interactions to the X particle. In this paper we assume

that the CNLSP is the scalar tau lepton τ̃ , which decays mostly as τ̃ → τX where X = G̃

or ã.

The τ decays into lν̄lντ , or into π± and π0’s. We do not consider the decays into µ,

because the muon energy cannot be measured unless the stopper contains a magnetic field.

The energy of the leptons are much softer than the parent τ energy anyway, so that they

are less useful for the study of the decay kinematics.

A large volume detector is advantageous to measure the energy of the τ decay products,

because the detector must contain most of the energy of the showers from the τ decay prod-

ucts. To fully absorb the hadronic cascade one needs sufficient thickness of the calorimeter.
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G̃ or ζ

[See also:  Hamaguchi, Kuno, Nakaya Nojiri; 
Feng, Smith; Hamaguchi, Nojiri, de Roeck; ...]

gravitino

m3/2

goldstino

mζ

dΓ
dm

slepton decay

!̃

!

G̃ or ζ

Wait to see both

Stable charged tracks 
stopping in calorimeter, 
eventually decaying to 
bichromatic leptons
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The Smoking Gun
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FIG. 1: Left: a schematic figure of the CMS detector and two stoppers. The numbers are in units

of meters, and (0, 0, 0) is the collision point. Right: two stopper–detectors and a circle about the

size of CMS detector are superimposed on the cross section of CMS cavern UXC 55, drawing taken

from Ref. [9].

where θ is angle between the CNLSP direction and the beam direction. The number comes

from the average density of CMS detector, 3.37g/cm3, which leads to the weight per cm2

for the radial direction of 2500g/cm2.

As discussed in the previous paper [2], the stopper can be a hadronic and electromagnetic

calorimeter simultaneously, if the detector consists of layers of dense stopper and tracking

devices. The measurement of the energy of the decay product of the CNLSP is the key

ingredient to explore the CNLSP interactions to the X particle. In this paper we assume

that the CNLSP is the scalar tau lepton τ̃ , which decays mostly as τ̃ → τX where X = G̃

or ã.

The τ decays into lν̄lντ , or into π± and π0’s. We do not consider the decays into µ,

because the muon energy cannot be measured unless the stopper contains a magnetic field.

The energy of the leptons are much softer than the parent τ energy anyway, so that they

are less useful for the study of the decay kinematics.

A large volume detector is advantageous to measure the energy of the τ decay products,

because the detector must contain most of the energy of the showers from the τ decay prod-

ucts. To fully absorb the hadronic cascade one needs sufficient thickness of the calorimeter.

5

�̃

�

G̃ or ζ gravitino

m3/2

goldstino

mζ

Stable charged tracks 
stopping in calorimeter, 
eventually decaying to 
bichromatic leptons

dΓ
dm

slepton decay

We are not alone

x2

Verify 
SUGRA We are 

not special

!̃

!

G̃ or ζ

Wait to see both

[See also:  Hamaguchi, Kuno, Nakaya Nojiri; 
Feng, Smith; Hamaguchi, Nojiri, de Roeck; ...]
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Giving the Higgs a Boost

p p
h

h
+ · · ·

JDT, Zachary Thomas, 1103.1631
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




Superpartners

Gravitino

LOSP

“Gauge Mediation-like”

Decays! (Lightest Ordinary
SUSY Particle)

LOSP Possibilities

Bino LOSP → γ/Z + Gravitino

LOSP Type Determines
Dominant Collider Signature 

Classic 2γ + ET Signature

Higgsino LOSP → h0/ZL + Gravitino

Stau LOSP → τ + Gravitino

Gluino LOSP → g + Gravitino

...
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(Lightest Ordinary
SUSY Particle)

Gravitino

LOSP
Decays!

Goldstini!






Superpartners

LOSP Identity Crisis
“Goldstini!” Counterintuitive LOSP

Decays Possible!

τ̃R → τR + �G

τ̃R → τL + η

Enforced by Supercurrent

Unconstrained!
(Not easy to measure this one...)

Counterintuitive LOSP decays dominate 
if larger coupling to goldstino

Gravitino

Uneaten Goldstino
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Goldstini with an R-symmetry

Ordinary
Messengers

Uneaten Goldstino

Gravitino

R-sym
metr

ic 

Mess
enger

s

SUSY SUSY

SSM

Pure Bino LOSP

Goldstino couplings determined by R-symmetry, 
“standard” decays forbidden

F1 F2
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Pure Bino LOSP

Usual Supercurrent Coupling Suppressed by R-symmetry!

No Higgsino Mixing for Large μ

�B

γ

�G η

�B

γ

�B

h0

�vEW�

�H
�G

�B

h0

�vEW�

�H
η

Leading Operator
Preserved by R-symmetry!

Gravitino R-Symmetric Goldstino
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�
Typically

1
F1

χσµνG̃Fµν

Gravitino

Bino LOSP

Goldstini!

→ γ → h0 Dominates!
Every SUSY Cascade has 

Two Physical Higgses! 

Gravitino vs. Goldstini Couplings

�B

γ

�G

�B

h0

�vEW�

�H
η

Gravitino Uneaten Goldstino

(Compare to Higgsino LOSP,
typically 50% Higgs, 50% Z)

µ
F2

(!" )(huhd)†
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Goldstini Give the Higgs a Boost

[JDT, Thomas]

Boost in Cross Section... ...Boost in Kinematics

0

0.5

1

1

1.5

2

2.5

Boosted W Jet

η
φ

Ask me about “N-subjettiness” 
[JDT, Van Tilburg]

10 GeV

100 GeV

1 TeV

Gravitino
�G

q̃

photino

squarks

�γ

→ jet

20 GeV ζζ1
Goldstini!

→ Higgs!

↓− produce pairs

Unique* to Goldstini!
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h

h
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[see e.g. Kribs, 
Martin, Roy, 
Spannowsky]
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Motivation and Framework 

Goldstini

(Giving the Higgs a Boost)

A Curious Factor of Two

Modified Mass/Coupling Relation
33
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Goldstini!
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Gravitino

mass

Coupling

Mass

!!
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The Smoking Gun at the LHC
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FIG. 1: Left: a schematic figure of the CMS detector and two stoppers. The numbers are in units

of meters, and (0, 0, 0) is the collision point. Right: two stopper–detectors and a circle about the

size of CMS detector are superimposed on the cross section of CMS cavern UXC 55, drawing taken

from Ref. [9].

where θ is angle between the CNLSP direction and the beam direction. The number comes

from the average density of CMS detector, 3.37g/cm3, which leads to the weight per cm2

for the radial direction of 2500g/cm2.

As discussed in the previous paper [2], the stopper can be a hadronic and electromagnetic

calorimeter simultaneously, if the detector consists of layers of dense stopper and tracking

devices. The measurement of the energy of the decay product of the CNLSP is the key

ingredient to explore the CNLSP interactions to the X particle. In this paper we assume

that the CNLSP is the scalar tau lepton τ̃ , which decays mostly as τ̃ → τX where X = G̃

or ã.

The τ decays into lν̄lντ , or into π± and π0’s. We do not consider the decays into µ,

because the muon energy cannot be measured unless the stopper contains a magnetic field.

The energy of the leptons are much softer than the parent τ energy anyway, so that they

are less useful for the study of the decay kinematics.

A large volume detector is advantageous to measure the energy of the τ decay products,

because the detector must contain most of the energy of the showers from the τ decay prod-

ucts. To fully absorb the hadronic cascade one needs sufficient thickness of the calorimeter.
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